Background: Areca nut is the main etiological agent in the development of oral submucous fibrosis (OSF) and is consumed in different forms such as raw, roasted, boiled, and commercial preparations (pan masala, gutkha). This variation in availability of forms is closely linked to degree of affliction and clinical presentations of the disorder. Aims and Objectives: Identification and evaluation of tissue changes in rat buccal mucosa subjected to various areca nut forms (raw, roasted, and boiled), pan masala and pure arecoline solution for 36 weeks and its correlation with the development of OSF. Assessment of arecoline content in raw, roasted, boiled and commercial preparations of arecanut and its correlation to the tissue changes occurring after its administration along with development of OSF. Materials and Methods: A total of 37 healthy inbred rats were selected for the study. One rat was kept as normal (untreated) and rest divided into six groups (raw, boiled, roasted areca nut, pan masala, pure arecoline, and control group) and treated with respective extracts every alternate day for 36 weeks. At every 6 weeks interval, animals were sacrificed randomly and mucosal tissue biopsies collected and processed. hematoxylin and eosin, Van Gieson stains were used to assess the epithelium thickness, keratin thickness, fibrosis, and vascularity. Results: Significant histological changes seen in areca nut treated rats in comparison to control group. Histological changes included decreased keratin thickness, thinning of epithelium with partial or complete loss of rete ridges, consistent increase in deposition of compacted collagen fibers and decreased vascularity. Arecoline concentration was highest in raw areca nut, followed by pan masala, roasted areca nut, and boiled areca nut. Conclusion: Areca nut consumption in various forms (natural or processed) has significant detrimental effects on oral mucosa consistent with findings of OSF.
Introduction
Areca nut is the fourth most common addictive psychoactive substance consumed after caffeine, nicotine, and alcohol and affecting one-tenth of the world's population. [1] Areca nut chewing habit is most prevalent among Indian subcontinent, China, and South-East Asian countries. [2] A dose-dependent relationship exists between frequency and duration of areca nut chewing habit and development of oral submucous fibrosis (OSF). OSF has the highest malignant transformation rate among the potentially malignant disorders. [3] [4] [5] The major constituents of areca nut include carbohydrates, fats, proteins, crude fiber, polyphenols (flavonoids and tannins), alkaloids, and mineral matter. The major flavonoid contents are tannins and catechins, and the major areca nut alkaloids include arecoline, arecaidine, guvacine, and guvacoline. The alkaloid and polyphenols content of areca nut has proved to be the major contributing factors in the development of OSF with arecoline playing the most significant role. [1, 6] Areca nut is consumed in various forms such as raw, roasted, and boiled/soaked or more commonly in the form of commercial preparations such as pan masala (without tobacco) and gutkha (with tobacco). This variation in the availability of different forms of areca nut is closely linked to the degrees of affliction and clinical presentations of the disorder. [1, 7] In a previous evaluative study on arecoline and tannin content in different types of areca nut processed by roasting, sun drying, soaking, or boiling and it was found that arecoline content was highest in raw areca nut followed by roasted and boiled. The tannin content was highest in roasted areca nut followed by raw and boiled areca nut. [8, 9] A very few studies exist that compares the different types of areca nut in relation to the development of OSF. [8] [9] [10] [11] [12] No study has been done in India to estimate the histological changes in the tissues on consumption of different types of areca nut.
The limited availability of OSF biopsy tissues due to hesitancy among patients and reluctance among the clinicians for a biopsy procedure has led to a lack of material for research purposes, and hence we selected animals for our experiment. Sprague-Dawley rat is the most suitable and reproducible model for induction of OSF because of its ability to parallel biological changes characterizing the human diseases and is the reason for choosing as our experimental group. [10, 13] The present study evaluates the tissue changes in rat buccal mucosa on the application of various forms of areca nut, pan masala, and pure arecoline; estimation of arecoline content in various forms of areca nut and quantification of collagen deposition at different intervals of time in rat buccal mucosa.
Materials and Methods
Healthy inbred Sprague-Dawley (SD) rats, 3-4-month-old age weighing 100-200 g, were randomly selected and divided into seven groups -Control (treated with distilled water), raw, boiled and roasted areca nut, pan masala, and pure arecoline group. Each group consisted of 6 animals each. A normal untreated rat was taken as the standard for evaluation of the histological changes.
The animals were procured and housed at the animal house, Krupanidhi Pharmacy College, Bengaluru. The rats were maintained under standard laboratory conditions at controlled temperature (25 ± 2°C) with 12 h light/dark cycle and humidity. The rats were provided with standard diet and water ad libitum.
The study protocol was approved by Institutional Animal Ethics Committee.
Preparation of areca nut extracts/pan masala/pure arecoline solution 0.2 g of powdered areca nut (raw/roasted/boiled) was dissolved in 6 ml of distilled water followed by centrifugation at 15000 rpm for 30 min. The supernatant was collected and used for injection in the buccal mucosa of rats. A similar protocol was followed for the preparation of pan masala and pure arecoline solution.
Development of an in vivo model for OSF in SD rats
A volume of 0.2 ml of respective solutions of areca nut extracts were injected into raw, boiled, and roasted areca nut and pan masala, pure arecoline groups using U-40 insulin syringes on every alternate day for 36 weeks. One SD rat from each group was randomly sacrificed at an interval of every 6 weeks and left buccal mucosa was dissected out, fixed in 10% phosphate-buffered formalin followed by conventional processing and staining with hematoxylin and eosin (H and E) and Van Gieson stains.
Images and image analysis
Images of hematoxylin stained sections were taken using Microscope model LM 52-1711 attached with a DIGI vision 3 mp scope image 9.0 (×3) software and subjected to image analysis using Lynx Biolux auto image analyzer (ProReg Capture Pro 2.8.8, 2011) software. The histological parameters evaluated included: 1. Keratin layer thickness -measured from the highest point to the lowest point of the corneum layer in three different areas of the section (edges and middle) and the average value recorded. 2. Epithelium thickness -measured from the lowest point of the cornified layer to the basement membrane in three different areas of the section (edges and middle) and average recorded. 3. The depth of collagen fibers -recorded from the basement membrane to the deepest level of the fibrosis in the submucosa. 4. Vascularity-measured under ×40 magnifications by counting the number of blood vessels in three different areas and recording the total value. No attempts were made to distinguish between the arteries, arterioles, veins, and venules.
Arecoline estimation using high-performance thin-layer chromatography (HPTLC)
The various forms of areca nut (raw, roasted, boiled, and pan masala) were subjected to HPTLC procedure. The HPTLC system (CAMAG, Muttenz Switzerland) consisted of (i) Linomat 3 sample applicator using 100 µl syringes connected to a nitrogen cylinder, (ii) Chamber ADC 2 containing twin trough chamber 20 cm × 10 cm, and (iii) CAMAG TLC scanner 3 connected to WINCATS software.
Statistical analysis
The results were statistically analyzed using Pearson's correlation test.
Results

Raw areca nut group
Raw areca nut treated group showed a marked increase in the fibrosis as early as 6 th week yielding a value of 192.79 µm on the image analyzer against 84.78 µm in the control group. The maximum width of fibrotic bands was obtained at the 36 th week which measured 376.92 µm in the image analyzer. The other significant tissue changes were an abnormally low epithelium thickness was seen at the 6 th week (31.25 µm). The average epithelium thickness was lower (75.49 µm) compared to the other groups, except for the pan masala group (70.13 µm) that showed the most atrophic epithelium. The keratin thickness and vascularity followed an irregular trend with minimal keratin thickness values noted at the 18 th week (21.37 µm) and highest values at the 24 th week (40.46 µm). The maximum vascularity was noted in the 12 th week (52) and the minimal value was noted in the 36 th week (20) [ Tables 1-6 and Figures 1-6 ].
Roasted areca nut group
Roasted areca nut treated group showed minimum fibrosis at 6 th week (161.31 µm) and the maximum amount of fibrosis at the 36 th week (336.88 µm). The average fibrosis levels were the lowest (226.89 µm) for the roasted group as compared to the The boiled areca nut group showed a continuous increase the depth of fibrosis from 6 th week (140.72 µm) to 36 th week (342.53 µm). The average depth of fibrosis was 238.69 µm. The keratin thickness value was found to decrease with increase in the duration of exposure to the areca nut. The lowest average keratin thickness value (24.84 µm) was obtained in comparison to the other groups. In comparison with the other test groups, the boiled areca nut treated group had the least changes in epithelium thickness values. In the initial weeks, there was an increase in the epithelial thickness with a maximum value observed in 6 th week (252.38 µm) followed by a decrease in the later weeks with values being least in 36 th week tissue (44.67 µm) [ Tables 1-6 and Figures 1-6 ].
Pan masala group
The maximum depth of fibrosis of 341.18 µm was obtained in the 36 th week, and lowest was observed in the 6 th week tissue (165.69 µm). The maximum keratin thickness was noted in the 24 th week (65.16 µm) and minimum keratin thickness was noted in the 36 th week (23.22 µm). Pan masala treated tissue showed a significant decrease in the epithelium thickness in 6 th week as compared to other groups. The minimum epithelium thickness was seen in the 36 th week (47.63 µm). A significant decrease in vascularity was noted in the pan masala treated group as compared to other experimental groups with the 36 th week tissue showed the least number of blood vessels (16) [ Tables 1-6 and Figures 1-6 ].
Pure arecoline group
Although pure arecoline treated group followed an irregular trend with relation keratin thickness, epithelial thickness, depth of fibrosis and vascularity a significant decrease was noted in these histological parameters was noted from 6 th week to 36 th week. The average keratin thickness was found to be slightly higher (56.32 µm) than the control (52.83 µm); with the least value being obtained at the 30 th week (14.73 µm). A consistent decrease in the epithelium thickness with the passage of the weeks was noted with the average values higher (128.05 µm) than the other test groups except boiled areca nut group (129.16 µm) which had values in the similar range. The level of fibrosis increased from the 6 th to the 36 th week [ Tables 1-6 and Figures 1-6 ]. Overall a decreased epithelium, keratin thickness, and vascularity and an increased depth of fibrosis were noted in all the experimental groups in the later weeks.
Arecoline concentration in raw, roasted, boiled areca nut and pan masala groups as estimated through high performance liquid chromatographic method revealed that the raw form of areca nut had the highest arecoline concentration (1.15%) followed by the roasted form (0.85%) and the pan masala (0.94%). The lowest concentration was noted in the boiled form areca nut (0.78%).
Grading of OSF
In the absence of any established grading system for the rat model, a new grading system of OSF one was created in this particular study which helped us correlate and compare the changes with human data.
The H and E stained sections were initially graded according to Pindborg and Sirsat classification 1966 into Grade I, II, and III. Among the total of 36 samples, 8 samples showed Grade I fibrosis, 14 samples showed Grade II fibrosis, and 14 samples presented with Grade III fibrosis [ Table 5 ].
The values obtained from the image analysis were used to categorize the samples into grades similar to that used for humans. Accordingly, fibrosis derived through a linear measurement was standardized statistically into three groups: Grade I -144.68 ± 29.46 µm (115.22-174.14 µm), Grade II -180 ± 56.63 µm (123.37-236.63 µm), and Grade III -295 ± 54.69 µm (240.31-349.69 µm) [ Table 6 ]. Thereafter, we compared the two grading systems. Grades obtained from the image analysis data were similar to grades obtained from the Pindborg Sirsat grading system of OSF in almost all the samples variations were observed in very small ranges among the groups but the present grading Image  analysis  grades  6  I  -I  II  I  I-II  I  I-II  I  I-II  I  I-II   12  I  -II  I-II  I  III  II  II  II  II  II  I-II   18  II  I  II  II  III  III  II  I-II  II  II  II  II   24  II  -III  II  III  III  II  III  II  II  III  III   30  II  I-II  III  III  III  III  III  III  III  III  III  III   36  II  I-II  III  -III  III  III  III  III  III  III  III system was found to be statistically sustainable in comparison with the Pindborg and Sirsat grading.
Discussion
OSF is a chronic, insidious disease affecting any part of the oral cavity and sometimes the pharynx. The habit of chewing areca nut is considered to be the most significant risk factor for the development of OSF. A clear dose-dependent relationship is noted for both frequency and duration of chewing of chewing areca nut and the development of OSF.
[1]
Areca nut alkaloid arecoline and arecaidine play a major role in the pathogenesis of OSF by causing an increased abnormal proliferation of fibroblasts leading to an increased collagen production. Arecoline on hydrolysis produces arecaidine that has more pronounced effects on fibroblasts. [1] In the Indian subcontinent, the areca nut is consumed in the following preparations such as raw, roasted, boiled, and also in the form of commercial preparations such as pan masala and gutkha. All methods of processing tend to alter the contents of the nuts, and the effect of the areca nut is then proportionately noted in the oral tissues. It is thus vital and interesting to judge the effects of these processed forms of areca nut on oral tissues to calibrate their tissue reaction potential Vis a Vis their contents. [1, 6] In a previous study done by Awang, it was found that chewers of soaked or boiled nuts demonstrate a lower incidence of mucosal changes than the chewers of raw, sun-dried, or roasted nuts. On quantification of the active chemical constituents in the nuts namely arecoline and polyphenols following nut treatments by sun drying, roasting, soaking, and boiling it was found that marked reductions in the active chemical constituents is noted on subjecting the nuts to the various processing procedures. This reduction in the concentration of the chemical constituents following processing is correlated with the differences in the incidence of the mucosal changes among users of different processed nut varieties. [8, 9] The present study attempted to create an animal model for the induction and development of OSF by application of various forms of areca nut (raw, roasted, and boiled), pan masala, pure arecoline, and distilled water into the left buccal mucosa of SD rats as a part of our experimental groups. In previous studies conducted in the department and from reports in the literature, SD rats have proved to be sustainable, reproducible, and economical animal models for the study on OSF. [10, 13] In this study, we assessed the histological changes in the tissues on exposure to the areca nut solutions. The parameters evaluated included the keratin thickness, epithelium thickness, depth of fibrosis and vascularity. H and E stained section were used to assess keratin thickness, epithelium thickness, and vascularity. Van Gieson stain was used for assessing the depth of fibrosis.
The results obtained from our study showed OSF-like lesions in different degrees in the areca nut, pan masala, and pure arecoline treated groups. The histologic changes observed included atrophic epithelium, partial or complete loss of rete ridges and accumulation of dense bundles of collagen fibers, juxta-epithelial hyalinization, and reduced vascularity. Our findings bear a close resemblance to the characteristic features of OSF as seen in humans and are consistent with previous results in animals subjected to the areca nut products.
A characteristic atrophic epithelium was noted in all the experimentally treated animals especially in the pan masala, and the raw areca nut treated group starting from the initial 6 th week to the 36 th week. The early manifestation of an atrophic epithelium in the pan masala treated group could be due to the combined effects of areca nut and the other additives such as lime, catechu, and other unspecified ingredients in pan masala and also due to a slower rate of diffusion of pan masala solution than the areca nut solutions as reported by a previous study in our laboratory. [14] The more damaging effects of the raw areca nut solution can be explained by its higher arecoline and tannin concentration. The least damaging effect on the epithelium was noted for the boiled areca nut group and pure arecoline. The less damaging effect seen in the boiled group can be correlated to the lower concentration of the active constituents, i.e., arecoline and tannin in it. The fact that pure arecoline diffuses at a faster rate through the epithelium as revealed in previous studies explains the less damaging effect of arecoline on epithelium [ Table 1 ]. [15] When the results were statistically analyzed, the control, roasted, boiled and pure arecoline groups showed a significant positive correlation with relation to epithelial thickness, i.e. the values for the epithelium thickness decreased simultaneously for control, boiled, pure arecoline groups.
Our study showed an initial increase in the keratin thickness at the 6 th and 12 th week followed by an overall decrease in the entire test groups at the 30 th and 36 th week; this is contradictory to the previous studies which showed hyperkeratosis in OSF cases [12, 16, 17] The initial increase in the keratin thickness is probably as a part of the tissue's protective response to the irritating effects of the areca nut solutions. However, the decreased thickness in the later weeks can be explained by the continuous deleterious effects of the solutions on the tissues leading to increased damage to the epithelium and in turn a thinner keratin layer. Overall the raw, boiled, and pure arecoline group showed a significant decrease in keratin thickness. Pan masala, roasted, and control groups showed the minimum changes. The irregular trend followed by all the groups during the subsequent weeks may be due to the individual responses of the animals to the irritating stimulus [ Table 2 ]. Statistical analysis indicated the control, boiled and pure arecoline groups showing a positive correlation with each other, i.e., the values for the keratin thickness decreased simultaneously for control, boiled and pure arecoline groups.
In the literature, it was found that vascularity was increased in early stages of OSF and decreased in the advanced stages of OSF. [18] [19] [20] The increased vascularity in the early stages is attributed to inflammation and a compensatory attempt of the mucosa to cope with ischemia. However, with progressive fibrosis, the vascularity is reduced. Our study showed a significant decrease in vascularity in all the experimental groups except the control group. This decrease in the vascularity is attributable to the increased fibrosis and extracellular matrix material deposition that depletes the angiogenic factors. The pan masala treated group showed a dramatic decrease in vascularity in the 6 th week and the subsequent weeks. This decrease in vascularity substantiates the severity of the effects of pan masala in comparison with the other forms of areca nut. A statistical analysis of the results revealed a positive correlation between the control, raw, roasted, and boiled and pan masala groups, i.e., the values for the vascularity decreased simultaneously in all the experimental groups [ Table 3 ].
In this study, fibrosis was initiated at the 6 th week in all experimental groups except controls. A maximum peak in fibrosis was noted in the 36 th week of all the test groups. This can be attributed to the time factor that plays an important role in the development of OSF, i.e., chronic consumption of areca nut or its related compounds. The peaking of fibrosis levels at the terminal stages of the experiment indicates the "cumulative effect" fibrotic transformation of the tissues. Intermediate variations in various groups (peaks and declines) were rather irregular and probably reflect the continual remodeling effects of the tissues aimed at repair.
Overall raw areca nut treated group showed a maximum amount of fibrosis over the period of the experiment (36 weeks) followed by the pure arecoline group. This finding is interesting in view of the highest levels of arecoline being detected in raw areca nut group. The findings also strongly support the observation recorded regularly in various studies that arecoline, the active alkaloid of the nut, is the most potent and primary fibrogenetic factor. The minimum amount of fibrosis was noted for the roasted areca nut group [ Tables 4-6] .
It is increasingly becoming evident, based on the findings of the present study, that processing of areca nut causes a modification of the contents. This is especially so for the arecoline content, which showed a gradual decrease with different processed forms. In addition, it may also be hypothesized, that following processing of the areca nut, the form and nature of arecoline and the various alkaloids is modified so as to render them rather inaccessible to the tissue making their fibrogenetic effects less intense. A review of literature largely supports the observations of our study. [2, 6, 8] The above observations are further bolstered by the statistical analysis of the results. Fibrosis levels in control, raw, roasted, and boiled, pan masala and pure arecoline groups showed a significant positive correlation with each other, i.e. all the experimental groups showed a simultaneous increase in fibrosis.
The average life span of humans is about 70 years, which is equivalent to 3640 weeks. SD rats have an estimated life span of 3 years corresponding to 156 weeks. On calculating the ratio of the life spans of SD rats and humans a value of 1:23 was obtained, i.e., 6 weeks in a rat corresponds to 2.5 years in humans. On extrapolation of the data obtained from our animal study to humans, it was found that OSF like changes were seen in rats as early as 6 weeks that corresponds to 2.5 years of areca nut consumption in humans. This is consistent with previous studies that state that it takes around 2-4 years for OSF lesions to develop in habitual areca nut users. [21] Prolonged intake of areca nut and pan masala leads to higher grades of OSF in the tissues.
Conclusion
The histopathological changes similar to that seen in OSF were observed in the experimental groups which support the fact that areca nut consumed in different processed forms, pan masala and pure arecoline have significant detrimental effects on the oral mucosa characterized by epithelial atrophy, reduced keratin thickness, fibrosis, and reduced vascularity. The arecoline concentration was found to be highest in the raw areca nut (1.15 ± 0.008) followed by pan masala (0.94 ± 0.006), roasted areca nut (0.85 ± 0.007), and least in boiled areca nut (0.788 ± 0.009).
